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Abstract 
A modelling framework to simulate Urban Goods Movements (UGMs) is presented. It is based on two models designed to 
estimate the road space consumption of Inter-Establishment Movements (IEMs) and End Consumer Movements (ECMs). Two 
kinds of evolution of the environment are considered: the long term evolution and the seasonal fluctuation of the economic 
activity. We then present how a scenario involving an Urban Consolidation Centre (UCC) can be modelled. First, we evaluate 
which movements are potentially transferable to the UCC. Then, we define a catchment area. Finally, we evaluate the efficiency 
of the UCC by referring to continuous approximation methods. 
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1. Introduction 
It is now widely recognized that city logistics has an important role to play to support the urban activities and the 
quality of life and the economy in urban centers. A poor conception of the infrastructures devoted to city logistics 
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may, to a certain extent, generate some negative externalities such as congestion, noise and air pollution that are 
likely to penalize the development of a given urban area. 
However, a clear understanding of Urban Goods Movements (UGMs) at a global scale is a very complex issue. 
Various constrains often apply on what is being transported and the amount that can be transported. As a result, 
goods transportation is performed through organizations of different kinds both from the economic and the logistic 
points of view and involves a large number of stakeholders. To complete the picture, the information on what is 
being transported, where and when, is, most of the time, hard to obtain since that is operated by private stakeholders. 
In such a context, it is thus particularly useful to organize information and to provide public decision makers with 
decision support systems that are able to give a better understanding on how flows are organized and how these 
organizations may be shifted under various assumptions. Indeed, if little is known on the amounts that are actually 
transported, the potential effect of new measures aiming at reorganizing UGMs may, sometimes, just be a question 
of belief from the public decision maker. 
During the last decades, several developments have been initiated to allow city planner to be aware of the level of 
activity reached by urban freight transportation. Some other developments aimed at predicting how UGMs may be 
reorganized through the deployment of logistics innovations such as consolidation centers. Prototypes of decision 
support systems have been realized for those purposes. Nevertheless, it is often considered that the urban 
environment remains static. This assumption is particularly restrictive knowing that the infrastructures settled to 
reorganize UGMs may require several years before being fully operational. 
This work is dedicated to investigate a global framework through which UGMs can be simulated within a 
growing urban environment and that integrates a panel of potential innovations for city logistics. Further use of this 
framework is to define the architecture of the decision support platform SILOGUES (Fig. 1) whose purpose is to 
simulate urban logistics in its economic and spatial environment. In the following, we present the models that are 
used to perform the estimation of UGMs. Two models are combined to estimate both End Consumer Movements 
(ECMs) and Inter-Establishment Movement (IEMs). Then, we present how we model the evolution of the urban 
environment in a way that matches the requirements of the UGMs estimation. Finally, we describe how logistic 
innovation is integrated in the global modelling framework, by focusing on a scenario involving an Urban 
Consolidation Centre (UCC). 
 
Nomenclature 
ECM End Consumer Movement 
IEM Inter-Establishment Movement 
UCC Urban Consolidation Centre 
UGM Urban Goods Movement 
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Fig. 1. SILOGUES Platform 
2. Estimating UGMs: design and calibration of the models 
The evaluation of UGM is performed by considering separately IEMs and ECMs. For each of those, a specific 
model has been developed and is described in the following. 
2.1. Inter-Establishment Movements (IEMs) model 
The methodology of the FRETURB model aims at estimating IEMs. It has been elaborated in conjunction with a 
set of large surveys operated on French medium and large size agglomerations. The main goal of those surveys is to 
evaluate with a high degree of precision, related to the agglomeration itself, the global organization of IEMs. 
Altogether, they reveal fundamental correlations that do not depend on the agglomeration and that were integrated in 
the architecture of the FRETURB model. 
The FRETURB model bases its evaluation on a classification of the establishments into 115 strata according their 
activity and their size in terms of employment. This classification has been adapted to enable the use of the SIRENE 
file which is yearly produced by the French National Institute for Statistics and Economic Studies and that contains 
all relevant information to perform the evaluation. The evaluation proceeds in successive steps (Gonzalez-Féliu et al 
2014). 
First step consists in movement generation. According to which of the 115 strata each establishment belongs to 
an estimation of the weekly produced movement is performed. It is assumed that a movement stands for an 
exchange of good that thus imply logistics means that will be describe next. This first estimation, which is very 
central to the model, allows some strata to be refined according to the number of employees of the establishment 
when that appeared to have a significant impact on the overall result. 
Second step is the movement characterization. This step is strictly based on the 115 strata classification. Its 
purpose is to characterize the movements generated by the establishments according to a set of features that will 
describe the underlying logistic organization. This involves: 
x The type of movement that can be a shipment or a delivery 
x The class of vehicle, three classes are distinguished: less than 3.5T, rigid and articulated truck 
x The management mode that can be own account as a forwarder, own account as a consignee or third party 
x And the organization mode that reveals if the movement is made as a direct trip or in a round and in later case if 
this movement correspond to the first (or the last) link or else. Seven sizes of round are also distinguished here. 
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The next procedure is to evaluate the road occupancy resulting from presence of the vehicles while the operation 
is being done which while the vehicles are stopping. Four kind of stopping modes are considered:  allowed area, 
private area, double parking and forbidden area. Data from the survey were used to statistically estimate stop 
duration and the frequency of each stopping modes according to the logistic category of the movement and the 
density of the environment. 
In parallel to the previous evaluation, it can be made the estimation of the travelled distance each movement 
requires. It is, here also, based on the logistic category that the movement belongs to and on the density of the 
environment where the movement has to be performed. Results from the surveys were used to build 25 characteristic 
functions of the travelled distances related to a given movement. The travelled distance is then used to perform an 
evaluation of road occupancy attributed to urban freight vehicles while they are moving from one stop to the other. 
Finally the characterization of movements by an average travelled distance made above enables to link 
movements together to perform the last major step of the overall procedure which is the trip generation and 
distribution. This final step thus produces an origin destination matrix for each kind of logistic mean specified above 
(class of vehicle, management mode and organization mode). 
The main output of the model is the information it gives on road occupancy issues related to urban freight 
management resulting from IEMs. To enable a comparison between various shipping modes (including those 
involved in the ECMs model that will be described next), it is assumed that each of them can be converted into a 
passenger car equivalent. This conversion is based on assumption related to the size of the vehicle. 
2.2. End Consumer Movements (ECMs) model 
The ECMs model proceeds in a way that follows three main steps: generation of shopping trip attracted by each 
zone, link of these trip to the household and construction of the shopping trip chain. A description of this model can 
be found in Gonzalez-Féliu et al. (2012a). This model was calibrated on Household Trip Surveys. It aims at 
estimating motorized shopping trips. Other kinds of trips are deduced from this first estimation by using substitution 
procedures (Gonzalez-Féliu et al. 2012b). 
At first, the model produces an estimation of ECMs attracted by each zone of the agglomeration. It takes into 
account a set of variables describing the population (number of households, density of household, population, 
motorization rate) and the retailing activity (number of small retailers, employment in stores and presence of a mall 
as suggested in Ségalou 1999) of each zone in addition to a discrete variable that depicts the position of the zone in 
the overall agglomeration (Gonzalez-Féliu et al. 2012a). This thus follows the general shopping rate estimation 
methodology described by Cubukcu (2001). 
Next, those movements are distributed from one zone to the other by making use of a catchment area model 
(Gonzalez-Féliu et al. 2010). The purpose of this model is to link the zones where the purchasing activities take 
placeto the zone where households are located. This distribution function follows a classic gravity model. However, 
the model is driven by a variable standing for the ratio of the number of employee in retailing activity between the 
origin and destination zones. In a more traditional way, the transfer function is also set proportional to the number of 
household in the origin zone and of course involves a cost function for travelling from one zone to the other. 
Altogether, the normalized transfer function Tijthat express the distribution of the movements from a zone i, where 
household is located, to a zone j, where shopping is realized, is expressed by (Gonzalez-Féliu et al. 2010): 
 
      (1) 
 
Where Ei and Ej are the number of employee in retailing activities in zones i and j, Hi is the number of household 
in zone i and cij the cost for travelling from i to j. D1, D2, and E are fitted parameters, and Aj a normalization factor. 
Finally, the last step of the shopping trip estimation procedure consists in the evaluation of the distances travelled 
by passenger cars that involve a purchasing activity. To perform this evaluation, various kinds of chain trip are 
distinguished according to whether purchasing activity is the main purpose of the trip or not (Durand and Gonzalez-
Féliu, 2012). Trips chains are constructed using an iterative procedure (Gonzalez-Féliu et al. 2012a). 
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3. Modelling urban growth and fluctuations of the economic activity 
To integrate temporal evolution of the urban environment into our modelling approach, we have considered two 
levels of variation. The first is a long-term evolution reflecting the growth (or possibly the shrink) of the urban 
environment. The second kind of evolution reflects the seasonal fluctuations of the economic activity that can 
originate from an urban economy based on tourism without being a priori limited to this special case. The ways both 
kinds of evolution are introduced in the model are described in the following. 
3.1. Urban growth modelling 
First, the modelling of urban growth is performed, in a preliminary step, through the use of two key variables: 
population and employment. It is assumed that significant trends for these key variables can be identified or 
hypothesized. These key variables are then injected in the SIMETAB model (Gardrat et al. 2012). 
Based on a typology of French municipalities, the SIMETAB model performs an estimation of the set of 
establishments. This typology is built on parameters that describe the municipality in its spatial and socio-economic 
environment. Those parameters are: 
x Population 
x Employment 
x Surface 
x Size of the urban area of which the municipality belongs to 
x Distance away from the municipality to the center of the urban area 
x Population in the urban area 
x Employment in the urban area 
Then the SIMETAB model proceeds in three steps to generate a prospective mapping of the establishments in the 
municipality. It first computes an estimation of the total number of establishments that are to emerge in the scenario 
constrained by specifying the population and employment evolutions. This total number of establishment is next 
spread over various strata that form a partition of the economic activities. Finally, the overall estimated number 
employees is then spread over the generated establishments which enable their characterization both in term of 
activity and size to be further used by the IEMs and ECMs estimation models. 
The estimation made by the SIMETAB model can also be constrained to fit a particular urban plan that already 
integrates some given economic development prospects. Alternatively, various economic scenarios concerning the 
evolution of the set of establishments in terms of growth and spreading can be confronted through their impact on 
both IEMs and ECMs. 
3.2. Seasonal fluctuation modelling 
Issues concerning the seasonality of the economic activity are also dealt with by referring to a typology of the 
urban areas. The objective of this typology is to describe how in-place population fluctuates with respect to the 
resident population (Terrier 2006). In-place population generates an in-place economy in which seasonal 
employment, if high enough, may produce a shift in the classification of the establishments for a significant number 
of them. 
By referring to this typology we are able to re-evaluate the structure of the economic environment according to 
the period of the year the study focuses on. Proceeding this way, it is then possible to perform an estimation of 
UGMs for what would be a high or a low season. 
4. Modelling the impact of the logistic innovation: the Urban Consolidation Centre (UCC) scenario 
Based on interviews with some of the major stakeholders involved in city logistics, a set of possible innovations 
has been identified and classified according to their requirements in terms of global organization and their potential 
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impact (Gérardin 2013). Different levels of implication of public authority are observed. This goes from no 
implication at all to a complete implication such as it is the case for Zero or Low Emission Zones.  In between are 
several measures in which public authority acts by setting a legal framework that attempts to reach a given objective 
(strong implication) or by organizing the consultation (low implication) and dissemination of best practices. 
Our study made a focus on one measure that concerns Urban Consolidation Centers (UCCs). In that case, the low 
implication of local authorities was proven to be one of the key success factors. Indeed, the urban freight market is 
such as stakeholders are not likely to support a collaborative measure that would be imposed to them (Gérardin et al. 
2015).  The role of public authorities is rather to initiate the consultation between stakeholders. Only then a 
collaborative scheme for urban deliveries, that may involve a UCC, is likely to emerge.  
Concerning the efficiency of the logistics scheme that results from the implementation of a UCC, it is a common 
practice to evaluate the reduction in the total traveled distance by solving a classical Vehicle Routing Problem or 
one of its variations. This approach has been used by Battaia et al. (2014) in conjunction with Game Theory to 
evaluate the conditions under which carriers are likely to transfer their freight to an UCC according to its location 
and the location of their own platform.The use of continuous approximation methods is far less documented in 
literature although it exhibits, as that will be shown next, some useful properties.  
Some otherstudies based their approach on procedures made for real existing urban areasto estimate the demand 
for UGMs in prospective scenarios that involve different types of UCC (Ambrosini et al. 2004, Ambrosini et al. 
2010). However those studies do not refer to continuous approximation methods to estimate the total travelled 
distance reduction ratio.Finally, it is worth to mention that this reduction ratio, although crucial, is not the only 
parameter to take into account in a complete evaluation of UCCs. Other studies are dedicated to this purpose such as 
Andriankaja et al. (2015) that uses the concept of Life Cycle Analysis to evaluate the performance of UCCs. 
In what follows, we give the details on how this measure has been incorporated into the modelling framework 
described above.To describe the way how the implementation of a UCC is incorporated into the modelling 
framework, we start our approach by characterizing the movements that are likely to switch to a UCC management 
mode. We then describe how the catchment area of the UCC can be defined according to the level of activity the 
UCC is meant to reach. Finally we focus on the potential efficacy of the UCC that will lower the travelled distances 
associated to the given set of “mutualizable” movements. 
4.1. Characterization of UCC-transferable movements 
The information given by the movement characterization step of the IEMs model enables to identify the types of 
movement that can be transferred to a UCC and to estimate the road occupancy that represents. Indeed it is a rather 
wise assumption to consider that a UCC will only perform deliveries of goods that are neither specific nor subject to 
specific conditioning mode such as for fresh or frozen food. UCC will better benefit from choosing a tight range of 
goods it will handle with (Browne et al 2005). Moreover some types of movement have few chances of ever being 
transferred to a UCC. This is especially the case for movements that are performed on an own-account as a 
consignee. 
We thus assume that the movements transferable to the UCC are those performed in tours by a third party or by 
the own account of a forwarder. Indeed goods that are already delivered in tours are the more likely to be transferred 
to the UCC. Additionally, we distinguish large tours (more than 30 stops per tour) and we will refer to them as 
express deliveries, and medium size tours (between 10 and 30 stops per tour) that we will refer to as traditional 
deliveries. As a first general assumption, we consider that movements involved in tours having less than 10 stops, 
are not likely to be transferred to the UCC because they correspond, most of the time, to specific goods or exhibit 
some specific constraints. Additionally, from the movements that fall in one of two categories mentioned above, we 
will only consider those that are associated to a delivery (not a shipment). Finally, to account for the fact that only a 
fraction of these goods will be accepted by the UCC we introduce the two parameters Dtra. and Dexp. that stand for the 
fraction of acceptable goods in both operation performed respectively through the traditional or the express mode. 
In addition to that, we introduce a third parameter Deff that aim to reflect the fact that only a fraction of the 
transferable goods will be effectively transferred to the UCC. It has to be mentioned that, unlike the two previous 
parameters Dtra. and Dexp. that can be estimated from the urban goods surveys, later one results from assumptions on 
the market share that the UCC is able to get. This parameter is thus highly dependent of the prices the UCC will be 
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able to propose in comparison to the cost of each delivery. One can eventually then refer to discrete choice 
modelling to make an estimation of this parameter. However, this falls beyond the scope of the present study. We 
here limit our approach to a fixed value of this parameter bearing in mind that a wise choice should be considered. 
4.2. Definition of the catchment area 
To define the area that is to be addressed by the UCC, the procedure of the decision support system that aims to 
develop the SILOGUES project is highly configurable by the user. However, for the purpose of the present scenario 
we developed a systematic procedure in which only reduced number of parameters is involved. 
Once the number of movement transferable to the UCC that is produced in each zone has been evaluated, we 
perform a ranking of these zones according to their density of such movements. Zones that exhibit a high density of 
transferable movement are meant to be the most likely to belong to the UCC catchment area. Thus according to what 
would be the capacity of the UCC, the procedure select a given number of zone Nz1 among those having the higher 
level of density of transferable movement. Next, in order to address a connected set of zone that do not spread over a 
large area, the set of zone whose centroid are located inside the convex hull of the centroids of the Nz1 previous 
zones are also selected to belong to the UCC catchment area. This constitutes a second pool of Nz2 zones chosen 
rather for their accessibility than for their density. This procedure is depicted in Fig. 2. 
 
 
Fig. 2. Catchment area of the UCC. Diamonds are the centroids of the zones that were primarily selected to belong to the catchment area. Crosses 
are the centroids that are selected because they lie in the convex hull defined by the centroids primarily selected. Circles are unselected zones. 
Only a small part of the urban area is represented here. 
4.3. Efficiency of the UCC 
Once the two previous steps have been covered, we are then able to quantify, under the assumptions stated above, 
the total number of movements that will be transferred to the UCC. Last point that remains to be treated is to 
evaluate the efficiency the UCC is able to reach to perform the deliveries. Indeed, by mutualizing in a dense area a 
large set of tours that were previously realized by carrier that did not interact one with the other, the UCC must be 
able to significantly reduce the distance that has to be travelled to achieve the deliveries. To obtain this estimation, 
we refer to the continuous approximation methods for the routing problem that were first developed by Beardwood 
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et al (1959), and then improved to fit boarder ranges of routing problems by Daganzo (1984) and Figliozzi (2008). 
One of the modelling formulas proposed by Figliozzi (2008) is given by: 
 
      (2) 
 
Where n is the number of nodes to be visited, m the number of trucks or routes, A the surface of the area 
containing the nodes and k1 and k2 two fitting parameters, k1 being determined by the intrinsic length of the network. 
Of course, it has to be noted that this expression needs nodes to be spread in a homogeneous way inside the area to 
be valid. The second term of the right hand member was introduced in the formula to take into account the fact that 
the depot might be located a certain distance away from the area to be visited for deliveries. It is thus proportional to 
the number of routes m whereas the parameter k2 is eventually of same magnitude of twice the way from the depot 
to the area. In conjunction with this term, the fractional factor (n-m)/n was introduced, to obtain a valid expression 
of L when m tend to equal n, which means that each route will perform a single delivery (direct trip). 
To use the expression (2) in order to quantify the efficiency of the UCC, we need to make the following 
hypotheses: 
x (H1): UCC is meant to be located in some relevant place to perform the deliveries in the catchment area that we 
previously defined. That means some place very close to this catchment area or even possibly inside it. That 
implies that, if we observe the overall distances that all carriers delivering goods transferable to the UCC, have to 
travel to reach the zone where their deliveries have to be performed, if moreover these zones are located inside 
the catchment area, the shift, in the end, may not be so important between this scenario and a scenario where 
those carriers has to join the UCC instead. As a consequence considering the total distance travelled the second 
term of the right hand member of equation (2): k2m, will remain the same in both cases. 
x (H2): It is assumed that selected points are, in the business-as-usual scenario, visited by rounds that are fully 
executed inside the catchment area or, at least, that the travelled distances would not change much if it were done 
this way. On the other side it is also assumed that the points a carrier has to visit are spread in this over all area. 
However, later part of the hypothesis can be easily removed by introducing an average surface area that each 
carrier cover inside the catchment area that would express as a ratio of this, such as: 
 
      (3) 
 
Where, A is the surface of the catchment area. In a first assumption however, we will consider that DA = 1. 
x (H3) Since we are treating deliveries that are performed on a weekly basis, we assume that, for most of the 
deliveries performed by UCC, the day of the week when it has to be performed does not constitute a harsh 
constraint. This would indeed results in a loss of efficiency for the UCC equivalent to the setting of mult iple 
time-window constraints. 
x (H4) It is assumed that in all cases considered (i.e. deliveries performed by carriers or by the UCC), the number 
of trucks required is small compared to the number of points to visit. This is true when carriers perform the 
deliveries because we only select movements made in tours that have at least 10 stops for a traditional delivery 
mode and at least 30 stops for an express delivery mode. This should remain true when deliveries are performed 
by the UCC if trucks are used rather than small or very small vehicles. Thus, in formula (2), it is possible to make 
the following approximation: 
 
      (4) 
 
x (H5) Five classes of tours are considered: two for the traditional delivery mode (from 10 to 19 stops and from 20 
to 29 stops) and three for the express delivery mode (30 to 39, 40 to 54 and more than 55 stops). By referring to 
the average number of stops in each class of tour size, we have an estimation of the number of tours of each class 
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performed in the catchment area. However a carrier, most of the time, handles several tours that are organized in 
a rational way. We thus need to make a final assumption on the average number of tours each carrier transfers to 
the UCC. We denote mc,t this number where the t index refer to one of the five tour size classes. This is 
assumption is equivalent to setting the number of carriers that join the UCC and assuming that they all 
approximately transfer the same number of tours to the UCC. We also assume that the tours performed by a given 
carrier all belong to a same class of tour size. 
These hypotheses (H1) to (H5) enable us to estimate the ratio r by which the total travelled distance required for 
the selected deliveries (i.e. transferable movements multiplied by the eff coefficient) will be decreased in the UCC 
scenario. We remind the reader that due to hypothesis (H1) we only consider in that approach the connectors of the 
tour and not the first and last trips that are meant to be, in the overall estimation, equally long to the trips needed to 
bring goods to the UCC. By denoting n the number of point to be delivered transferred to the UCC and ñt the 
average number of points to be delivered in a tour of size class t, this ratio is expressed by the following formula: 
 
      (5) 
 
Where LUCC is the distance travelled by the UCC and Li the distance travelled by the carrier i without considering 
first and last trips of each tour, and Nc,t is the number of carriers that were performing mc,t tours of size class t before 
joining the UCC. Later number is fixed by knowing the total number of movement operated in tours of size class t 
and the average number of points each carrier has to visit which is given by mc,t.ñt. Note that the second term of the 
right hand member in equation (5) vanishes when DA = 1. It can be noted as well that the k1 parameter of equation 
(2) vanishes due to the fact that both carriers and UCC trucks are using the same road network.  
Having estimated 6iLi, which is given by the IEM model, the ratio r give then access to an estimation of what 
would be, under the assumptions stated above, the total travelled distance by the UCC: LUCC. 
4.4. Some results on the test-case agglomeration on Lyon (France) 
The above procedure has been implemented to simulate a UCC scenario on the test case agglomeration of Lyon 
(France). The estimation and the zoning of establishments has been performed by the SIMETAB model to the year 
2031. The chosen values to parameterize the UCC-transferable movements and the size of the catchment area are 
summarized in Table 1. 
In such a case, it was evaluated that a number n of 2551 movements would be transferred to the UCC. The 
distribution of those movements among the different tour size classes is given in Table 2. The ratio r by which the 
total travelled distance associated to those movements would reduce by choosing the UCC scenario has been 
estimated to 0.252. 
     Table 1. Chosen values of the parameter of the model and calculated number of zones in the catchment area. 
Deff Dtra. Dexp. Nz1 Nz  = Nz1+ Nz2 
0.2 0.5 0.6 50 103 
     Table 2. Number of UCC-transferable movements in each tour size class inside the defined catchment area. 
Number of stops 10 to 19 20 to 29 30 to 39 40 to 54 More than 55 
Delivery mode Traditional Traditional Express Express Express 
Number of movements 719 529 481 528 294 
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5. Conclusion 
The study presented here is based on tools that were primarily developed to perform a diagnosis of Urban Goods 
Movements. These tools have proven to give efficient results so that they were used in various ways to support 
public decision making. However, a further use of these tools for prospects in the field of urban freight management 
requires incorporating them in a modelling approach that is able to describe the evolution of the environment under 
a given set of scenarios. This was performed by considering two kinds of evolution: a long term evolution that was 
accounted for by the SIMETAB model, and a short term variation that is related to the seasonal fluctuation of the 
economic activity. In such a context, it was then possible to design procedures that are, under a given set of 
assumptions, able to simulate the effect of various logistic innovations. 
We gave a focus here on Urban Consolidation Centers (UCC) for which, due to the large diversity of the existing 
experiments compared to the small number of successful project, public decision makers have very few relevant 
data to build up their action. Our approach tried to enlighten some of the parameters that are central both for the 
efficiency of the UCC and for its impact in the overall estimation of urban goods movements. Further studies need 
to be performed to restrict the range of value each parameter may have. Exploiting the large number of data 
available from Urban Goods Surveys is, to a certain extent, one of the most promising ways to qualify more 
precisely some of the parameters of the model, typically the Dtra. and Dexp. parameters, that are involved in the 
estimation of the number of movements that can be transferred to the UCC. By further referring to continuous 
approximations of the vehicle routing problem, we were then able to perform an estimation of the potential 
efficiency of the UCC scenario. Nevertheless, this estimation allows a high degree of parameterization so that this 
single scenario can be investigated at different levels of application. 
Further researches will concern the way how other logistics innovations may be incorporated in this modelling 
framework. One of the main issues then is to define the set of variables that each part of the modelling framework 
needs to exchange and the hierarchy of these transfers. In the end, the road space consumption that is generated by 
the various logistic organizations of the different levels of the supply chain seems to be one of the most relevant 
indicators to compare the scenarios. 
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